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[QftftUft] [Specification] 


[1. mm<D%m [1. title] 

*K y ^ ^ tvu 2 $4ISfo] 7 A heat-resistant biaxially oriented polyester film 

■i /^-^>S.U : -?:<D$^3a^'& and ' ts manufacturing method 

[2. mffi#W$GlS] [2. claim] 

(1) *Ky— 1, 4 — ^^n-^=¥ CO It consists of a poly- 1,4- cyclohexylene 

v'l/yv'^f dimethylene terephthalate or crosslinked 

h*fcli^££/£#i1-<5& Po'yfster which uses essentially this. 
tS j f 4 0+ .ij,i-^- 7 -.j.c>. 'he microcrystalhne size and the degree of 

plane onentations which are measured with a X 
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•9, x mmfflk\z.£.vxmfez 

ffZtl^tl 40-80 A*5 J:tJt 

y x/w 2 H£ 

[pJ7^/UA 0 (2) #y-i, 4- 

^^^rtl-t'tb 40-80A&tf 
80%£t±-Cfe5 2ttiElRj7>f/u 

r i: t -r 5 y ^ 

* 7 1 ^ 2 $Agfift 7 ^ /U A (DWt 

[3. iswro^a/iiftw] 


ray diffraction method are respectively 40-80 
angstroms and 80 % or more. 

The heat-resistant biaxially oriented polyester 
film characterized by the above-mentioned. 
(2) It consists of a poly- 1,4- cyclohexylene 
dimethylene terephthalate or polyester which 
uses this as a principal component. 

The microcrystalline size and the degree of 
plane orientations which are measured with a X 
ray diffraction method are respectively 40-80 
angstroms and 80 % or more. An ionizing 
radiation is irradiated to the above biaxially 
oriented film. 

The manufacturing method of the heat- 
resistant biaxially oriented polyester film 
characterized by the above-mentioned. 


[3. DETAILED DESCRIPTION OF INVENTION] 


lc«aifc#y-1, 4-v^u^ 

*fty— 1, 4-v^ n^^rv-U 

(WT PCHDMT 

M£iaT^5* 0 y i/yf u 
7 * ix— h ^tK y ^x^Mzbt 


[INDUSTRIAL APPLICATION] 

This invention relates to the poly- 1,4- 
cyclohexylene dimethylene terephthalate 
biaxially oriented polyester film excellent in the 
dimensional stability at high temperature, and 
its manufacturing method. 


and 


PROBLEM 


[A PRIOR ART 
ADDRESSED] 

Poly- 1 ,4- cyclohexylene dimethylene 
terephthalate (henceforth PCHDMT) polyester 
has higher melting point compares with 
polyethylene terephthalate polyester 
conventionally mass-produced. 

Therefore, it is considered that the film is 
more promising in the field where heat 
resistance is required especially a thermal 
transfer film, a flexible print circuit, magnetic 
tape, etc. 

However, it is the present condition that the 
industrialization is not the quantity very 
restricted in fact. 
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t>%ma*%<Dxmmz< it 

btitzikXLfrfo^cDfci&WiX' 

£ (Dm \Z. ft 13 7 * u&uig. # 
80-100°Cc{£v^ctf>/!)\ ffiig. 

W^ft^WBS 60-69133 

^atp^a* ©36As»tti stir 

SrfT«1-5 r. c £rKJB£ \^XW 


As one of the reasons, A glass transition 
temperature is as low as 80-100 degree C for its 
melting point. Therefore, it is mentioned that the 
dimensional stability at high temperature, for 
example, pewter heat resistance, is not enough. 

It is present situation that it has not reached 
the practical phase although the various 
proposal is submitted to the unexamined 
Japanese patent No. 60-69133 gazette etc. for 
the improvement in this dimensional stability. 

The present inventors made it the subject to 
overthrow such present condition, and tackled 
research. 


frofcOfi PCHDMT % 2 mi 

mmm*wM-tz> z. t t «t o 

PCHDMT *fcfi£ft&±j£# 

ElpJ&j&S-tft-t'tL 40-80AS. 
80%W±T- £>5 r £ Sr^» 

PCHDMT ^tcltZtl* 


[SOLUTION OF THE INVENTION] 

It became clearly by examination of the present 
inventors is that The chemical and physical 
structure of the polymer which composes 
PCHDMT biaxially oriented film influences the 
physical property of this film greatly. 

When taking a crosslinked structure and the 
microcrystalline size and the degree of plane 
orientation holding in a specific range, 
favourable dimensional stability is expressed, 
satisfying a mechanical property. Such a film is 
industrially obtained advantageously by 
irradiating an ionizing radiation on the film of a 
specific fine structure. 

Namely, with first of this invention, It consists of 
PCHDMT or crosslinked polyester which uses 
this as a principal component. 

The microcrystalline size and the degree of 
plane orientations which are measured with a X 
ray diffraction method are respectively 40-80 
angstroms and 80 % or more. 

The heat-resistant biaxially oriented polyester 
film characterized by the above-mentioned is a 
gist. 

Next it consists of PCHDMT or polyester which 
makes this a principal component. 

The microcrystalline size and the degree of 
plane orientations which are measured by XVA 


01/09/17 4/11 (C) DERWENT 


JP02-301419 


DERWENT 


THOMSON SCIENTIFIC 


Jt^tl^ti 40A80A&t>* 

80%»±-e*>5 2ttiaiPi7^^ 

**WJC*5V^T PCHDMT * 
*7VWi, 1, 4-v^P^3rf- 

ls>?V 2. 2- 

>f V7^/^ 2, 6-^:7* U 
\s iytl /U7}f CO /U/Jf > 
£-k Kn^v/^/p 

15^/uo/ 0 j^t, £<bfa?£L< 
[4 10 -e/uo/ 0 j^T) 

So 


diffraction method are respectively 40 
angstroms80 angstroms and 80 % or more. An 
ionizing radiation is irradiated to the above 
biaxially oriented film. 

It relates to the manufacturing method of the 
heat-resistant biaxially oriented polyester film 
characterized by the above-mentioned. 

In this invention, PCHDMT or polyester which 
makes this a principal component, is polyester 
having 1 ,4- cyclohexane dimethanol as a glycol 
component and terephthalic acid as a 
dicarboxylic acid component, or uses these 
components as the main components and 
glycol components, such as an ethylene glycol, 
diethylene glycol, polyethyleneglycol, a 
propylene glycol, 1,4- butanediol, xylylene 
glycol, and a 2.2 -bis((beta)- hydroxy 
ethoxyphenyl) propane 6 bis ((beta)- hydroxy 
ethoxyphenyl) sulphone, dicarboxylic acid 
components, such as the adipic acid, a sebacic 
acid, an isophthalic acid, and 2,6- naphthalene 
dicarboxylic acid, hydroxycarboxylic acid 
components, such as epsilon)- hydroxy caproic 
acid and a 4-(beta)- hydroxy ethoxy benzoic 
acid, in a small amount (preferably 15 mol% or 
less, more preferably 10 mol% or less) as co- 
polymerisation component. 

Usually it may manufacture by the well-known 
method. 


fnh 1, 4— i/p D^^rtyi/ In addition, a cis form and a trans form are 

J— /W£f4 x Yv present in 1,4- cyclohexane dimethanol. 

>;*M^#£-^<5 Tjf y However from the viewpoint of the melting point 

T/lsOM&b V N 9 3t9fc~e(3 of P°'y ester ' jt is a trans form rich desirably. 
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Ht 20-50 : 80-50, $ 

* L < it 25-45 : 75-55 T*fe 

7VW2 7x7 Yy^u 

: 1 (mSit) 
JK* 25TCt?©S^"tta35S 0. 70 

ft PCHDMT Jktity-^X^/Vfr' 
-ttl^tt 40-80A&tf 80%^ 

* y ^ ^ x/i-^^ffl e « 

W «i§ £ t o T V > 5 r £ £ Sc * 
y zLXT/WptnK fcfc— SUA* 

Mt^fXli (100) [stiff 
^CO^WS J: «9 Scheller<7) 

1MX (ACS) Sr****^ 

40-80AT*fo5r 

hZ> 0 ACS ^ 40A*?«-Ctt^ 

SSfifp]g = 100x (180-M 
*S) /180 

«©«rt£^ 7 > * # jg < ft 6 0 


The ratio of usual cis form and a trans form is 
preferably 20-50:80-50, and more preferably 
25-45:75-55. 

Moreover, it is desirable that the intrinsic 
viscosity of polyester at 25 degree C is 0.70 or 
more in a phenol / tetrachloroethane 1:1 (weight 
ratio) mixed solvent. 

The film of this invention consists of crosslinked 
PCHDMT polyester. 

The microcrystalline size and the degree of 
plane orientations which are measured by XVA 
diffraction method are respectively 40-80 
angstroms and 80 % or more. 

It is characterized by the above-mentioned. 

A crosslinking does not mean that the 
polyester molecule has taken the mesh-like 
structure to an extent of the so-called insoluble 
infusible state. 

What is sufficient is just to crosslink at least 
part of polyester which composes a film, and to 
have taken the stable structure to the heat. 

A microcrystalline size means crystal grain 
size (ACS) obtained from the half peak width of 
a diffraction (100) peak using the expression of 
Scheller. 

However, it is required to be 40-80 
angstroms. 

If ACS is less than 40 Angstroms, 
dimensional stability (heat-shrinking property) is 
bad. If 80 angstroms are exceeded, it will 
become the film of a brittle characteristic. 
Moreover gs for a degree of plane orientation, it 
is defined as 

Degree of plane orientation = 100* (180-half 
peak width) /1 80 

However, if a degree of plane orientation is 
80 % less, the physical property balance of a 


stretch property, 
becomes bad. 


a horizontal, and width 


*$£W <D 2 M£ft 7 ^ yu A $r 

JIM X o X&tf ffi 

EffiJ^Sr^tt^tt 40-80A& 


In order to manufacture the biaxially oriented 
film of this invention, the microcrystalline size 
and the degree of plane orientation were 
respectively set to 40-80 angstroms and 80 % 
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mm&imm & swt^ s # & # 

M:W#)\a* PCHDMT £tc\* 

V — (OJSBkffljKHt 290- 
330°C^#£L<. *fc^>fj&> 
^fttastbfcK^tett 60°cw 

£#ftv*) Sriag 90-1 sot:, 

m 2. 5-5. 0 ffiFfcfcS £3 
K:, *»oifiK#ttW8-15« 

«&T* 2 «{*Lfc^ 200 
-280 < C$bt»*L<f± 210 
-270^:fc^T£:gMJI£ 

&fi£ LTf4 10-150Mrad, $ 
*>K:$f*L<tt 15-100Mrad 


or more by the biaxial extension and heat 
processing. An ionizing radiation is irradiated on 
the above film. This method is taken. 

Specifically, the unstretched film which 
consists of PCHDMT or polyester which uses 
this as a principal component (the melting 
temperature of a polymer having 290-330 
desirable degree C, although a unstretched film 
may be usually manufactured by the well-known 
melting film production method. Moreover as for 
the membranous substance breathed out from 
the die, it is good to carry out rapid quenching to 
60 degree C or less to restrain crystallization) is 
biaxially extended by a simultaneous method or 
sequentially method at temperature of 90-150 
degree C, so that respectively the draw ratio of 
a vertical and a horizontal direction may be set 
into 2.5-5.0 times and a plane draw ratio may 
be set into about 8-15 times. After that, at 
200-280 degree C, more preferably 210-270 
degree C, the fixed length heat processing, the 
tension at 15% or less, or relaxation heat 
processing are performed. This method is 
adopted. 

It is a role to the direction in which a high 
temperature process increases a 
microcrystalline size generally. High multiplying 
factor drawing, and the tension process or a 
cold drawing leads to the increase in a degree 
of plane orientation. 

Adjustment of the fine structure of a film is 
made by Rutting these factors and conditions 
together. 

An ionizing radiation is irradiated by the film 
of an above fine structure by the method of this 
invention. 

As an ionizing radiation, an electron beam, an 
alpha ray, a gamma ray, etc. are mentioned. 
Especially an electron beam is used preferably. 

As a radiation dose, 10-150Mrad, more 
preferably 15- 100Mrad is good. 

The physical property of a film is made to 
reduce when radiation dose is too much. It is 
not desirable. 

Moreover, when using an electron beam, 
attainment depth of an electron beam is linearly 
increased in proportion to an acceleration 
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d\ 200/im UT<Dm&(D7 j 

^^xiiWMmmt 10-10, 

000KV, #}C50-5, 000KVW 

PCHDMT *L*y-/U<Djf 

«#7*«2»fl£J; 0 20°C 
^ flfia* b ME&U cfc 

9» 6o o c;iiwa^£T<^j!$ 

iffl^^fi^ii 70- 
180°CT-fc5o fl£#i«lMSir 

^b^imx*^ < * o-rr 
mm, nvzi 


voltage. Thus an acceleration voltage is 
adjusted depending on the thickness of a film. 

However, with the film of the thickness of 200 
or less micro-ms, the acceleration voltage is 
sufficient in the range of 10-10,OOOkV f 
especially 50-5,000 kV. 

Irradiation temperature, i.e., temperature of a 
film, changes by the glass transition 
temperature of PCHDMT polyester. However, 
the range from temperature about 20 degree C 
lower than this glass transition temperature to 
temperature about 60 degree C higher about 
than this transition temperature is good. 

Practical temperature is 70-180 degree C. 

Necessary time may be so short that 
temperature is high to irradiation. 

However, the dimensional change of a film 
happens in the state where the crosslinking is 
not progressing sufficiently if it becomes too 
high temperature. A microcrystalline size 
becomes too large. 200 degree C or less is 
desirable. 

As irradiation atmosphere, the vacuum 
middle class is usually chosen among air and 
inert gas (nitrogen, argon, etc.). 

However, irradiating in air is the most 
practical. 


[Example] 


[HJ60J1, 4, fct$fc0iJ1, 4] 

40 : 60, S*£290°C, 

1. 0 <D PCHDMT <D^< U y h£ 

Wife 310°Ci? V y 
200mm N V y^lBJBB 0. 8mm 

*Lfc»»K#t*«r 20°C(c^fc 


[Example 1-4, Comparative Example 1-4] 

The pellet of PCHDMT of the cis- trans ratio of a 
cyclohexane dimethanol component of 40:60, 
290 degree C of melting point, and the intrinsic 
viscosity 1.0, is supplied to an extruder form 
melting extruder. 

It extrudes from T die of the lip width of 200 
mm, and the lip interval of 0.8 mm at 310 
degree C. 

The extruded melting membranous substance 
is cooled with the casting roller kept at 20 
degree C. A unstretched film is obtained. 
Subsequently the simultaneous biaxial 
extension of a tenter system is given. 
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£fTo£f£, h y $ y^Lt 

20m/min. ©iil£-(?J?£ 20 
rh 400mm <DMi%7 4 /^A^i 

(MD *|6j) f^LTE^fa 
(TD #[6]) <D£#tt*&tfjRl 

md jjfatDmwmmi-t^ 

X 3. 1 Lfc 0 fabttfcK 
# 7 >f ^ A (c Jp ii H; JBE ^ 
750KV ©**»flMtS:tTofc 0 
1 »Sfc9©»Jfcfc*M[ 
1Mrad, RBItMW: 130°CT*fc 

ir IT 80 gfi%<D bA^x^ 
ifc-K^frU 170°CT^5 5>^ 

$ 35 M 150°C(^r 

$&Ltz2B<Du — 7— <D?$X& 

Ko^T'^*WSM4£: 260°C 
IB 1 mZ7j;VJ±(Dm&^ 


Furthermore it trims, after performing fixed 
length heat processing. The thickness 20 micro- 
and width oriented film of 400 mm was wound at 
the rate of 20 m / min. 

In this operation, various the draw ratios and 
the heat processing temperature of the right- 
angled direction (the TD direction) were 
combined to the drawing temperature and the 
lenqth direction (the MD direction) of a film 

In addition, art the draw ratios of the MD 
direction w*s set into 3.1 times 

The acceleration voltage performed the 
electron beam irradiation which is 750kV to the 
obtained oriented film. 

The absorption dose per second is 1Mrad. 
Irradiation temperature is 130 degree C. 
A bar coating device is used for one side of the 
film finally obtained, and an epoxy adhesive 
agent (80weight% of toluene is included as a 
solvent) is uniformly applied to it. 5 minutes is 
processed at 170 degree C, and toluene is 
removed. 

It was stuck by pressure between the 
electrolytic copper foil of thickness 35 micro-, 
and two rollers K^f^n at i^n Hpnrp* c. 

Pewter heat resistance was evaluated by the 
conditions for 260 degree C * 15 seconds about 
the obtained laminated film 

As the macrocrystalline size ot a film, a degree 
of plane orientation, strength, and pewter heat 
resistance are shown in Table 1 it turn* out that 
the thing which is given the radiation treatment 
to the film of tne tine structure ot a specific 
range shows a favourable property. 
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PCHDMT ^/KDxxf^^ 


[EFFECT OF THE INVENTION] 

This invention succeeds in the improvement in 
heat-resistance of PCHDMT polyester film 
which was conventionally difficult. A raw 
material useful in an electricity and an electronic 
field in cooperation with the outstanding 
mechanical property is provided. 


[PATENTEE] 

Unitika Ltd. 
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